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(54) SENSOR 



(57) A semiconductorchip S is formed with a plural- 
ity of photodiodes PD and comprises a plurality of output 
terminals T of the photodetector elements provided on 
the surface thereof. The circuit substrate C comprises 
a plurality of input terminals I to which signals from the 
output terminals T of thesemiconductorchip S are input. 
The connecting means CM connects the respective out- 
put terminals T to respective input terminals' I, and the 
interval between the input terminals I is set to a smaller 
dimension than the interval between the output termi- 



nals T. In this detector, since the signal reading circuit A 
is formed on the circuit substrate C in a region outside 
the region R, where the input terminals are formed, it is 
possible to make the dimensions of the circuit substrate 
C smaller than those of the semiconductor chip S, and 
consequently, when a plurality of detectors D are ar- 
ranged together, the respective semiconductor chips S 
can be positioned in mutually proximate or contacting 
configuration, and hence any degradation in image res- 
olution in the connecting section of the detectors can be 
suppressed. 
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Description 

Technical Field 

[0001] The present invention relates to a detector for 5 
use in an X-ray imaging device, or the like. 

Background Art 

[0002] A conventional detector which can be used in 10 
an X-ray imaging device is described in thefollowing ref- 
erences: 

(1) Japanese Patent Laid-open No. (Hei)4-254377 

15 

[0003] This reference discloses an installation struc- 
ture for an optical detector. In this installation structure, 
a back-illuminated photodiode array is connected via a 
bump to a signal processing section. Since the optical 
signal sampling electrodes are provided on the back 20 
surface of the photodetector substrate, it is possible to 
use virtually all of the surface of the substrate as a light 
incident surface, and hence the aperture ratio is im- 
proved greatly compared to a conventional device. 
Moreover, the photoreceptor section uses a PIN type 
photodiode, the light incident via the I layer is absorbed 
with high efficiency, the junction capacitance can be re- 
duced due to presence of the i layer, the depletion layer 
traveling time of the carrier can be shortened by apply- 
ing a high voltage, and the mechanical strength can be 
increased. The signal charge extracted from each pixel 
is input to a signal processing circuit substrate. 

(2) Japanese Patent Laid-open No. (Hei)9-288184 

[0004] This reference discloses a radiation detecting 
device which adopts a layered structure for the light de- 
tecting section, wiring substrate, driving integrated cir- 
cuit and signal processing integrated circuit, in order to 
protect the integrated circuits from radiation. 

(3) Japanese Patent Laid-open No. (Hei)7-333348 

[0005] This reference discloses an X-ray CT (Compu- 
ter Tomography) device. Since the X-ray CT device 
emits the output of a photodiode array via a bump 
formed on the opposite side to the side on which the X- 
rays are incident, it permits the respective radiation de- 
tector elements to be arranged in a highly dense con- 
figuration in the two-dimensional direction, without re- 
ducing the detection sensitivity of the radiation detector 
elements, and therefore allows a broad range of X-ray 
data to be obtained in a single X-ray irradiation opera- 
tion. 

(4) Japanese Patent Laid-open No. (Hei)5-90554 
[0006] This reference discloses a detector wherein 
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the output of an HgCdTe photodiode array is connected 
via a bump in order to be read by an Si-CCD. The driving 
voltage from the DC power source driving the photodi- 
ode array is applied via the wiring on the Si-CCD. In oth- 
er words, the surface on the Si-CCD side is formed with 
a dual wiring structure, a first wiring system being used 
to supply the output of the respective photodiodes to re- 
spective pixels (read-out regions) of the CCD via a 
bump, and the second wiring system forming wiring for 
supplying a voltage from the DC power source to a pho- 
todiode array. 

Disclosure of the Invention 

[0007] However, in the case of any of these detectors, 
the supporting substrate is larger than the semiconduc- 
tor chip, and therefore it is not possible to dispose a plu- 
rality of detectors in a mutually adjacent configuration, 
such that there is no gap therebetween. Of course, if the 
supporting substrate is made smaller and the circuits 
are positioned to the side, then it is possible to dispose 
the detectors in a two row and two column matrix, but 
in the case of a three row and three column matrix, for 
example, there is no space to extract the output from 
the centrally positioned detector. 

[0008] The present invention was devised with the 
foregoing problems in view, an object thereof being to 
provide a detector which allows respective semiconduc- 
tor chips to be placed in extremely proximate configura- 
tion or mutually contacting configuration, when a plural- 
ity of detectors are arranged together. 
[0009] In order to achieve the aforementioned object, 
the detector relating to the present invention is a detec- 
tor comprising a semiconductor chip formed with a plu- 
rality of photodetector elements and provided with a plu- 
rality of output terminals of the photodetector elements 
on the surface thereof, a circuit substrate provided with 
a plurality of input terminals to which signals from the 
output terminals are input, and connecting means for 
connecting the respective output terminals to the re- 
spective input terminals; wherein the interval between 
the input terminals is set to a smaller dimension than the 
interval between the output terminals; and the circuit 
substrate comprises a signal reading circuit for reading 
out signals from the input terminals, provided in a region 
outside the region in which the input terminals are 
formed. 

[0010] According to this detector, since the interval 
between the input terminals of the circuit substrate is set 
to a smaller dimension than the interval between the out- 
put terminals, and a signal reading circuit is formed on 
the circuit substrate in a region outside the region where 
the input terminals are formed, it is possible to reduce 
the dimensions of the circuit substrate below those of 
the semiconductor chip, and consequently, when a plu- 
rality of detectors are arranged together, it is possible to 
position the semiconductor chips in a mutually proxi- 
mate or mutually contacting configuration. Therefore, 
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the dead area become small because the gap between 
pixel (photodiode)groups are extremely small, one of 
the pixel groups being positioned at outermost periphery 
of one semiconductor chip and the other of the pixel 
groups being positioned at outermost periphery of the 
other semiconductor chip. So, it is possible to pickup 
large images. 

[0011] Moreover, the connecting means may also 
provide a connection of the outputs of the circuit sub- 
strate to external leads, and a connection from external 
leads to the inputs of the circuit substrate, in which case 
the circuit structure can be simplified. 
[0012] Furthermore, the connecting means may also 
constitute a supporting substrate for the semiconductor 
chip. In other words, by means of the connecting means 
supporting the semiconductor chip, it is possible to in- 
crease the mechanical strength of the detector. 
[0013] Furthermore, the supporting substrate may 
have a depression for accommodating the circuit sub- 
strate, in which case the circuit substrate is protected by 
the supporting substrate. 

[0014] Moreover, the connecting means may be 
formed by burying metal wiring inside a ceramic base 
member, the metal wiring being electrically connected 
to the output terminals of the semiconductor chip and 
the input terminals of the circuit substrate. Since ceram- 
ic has excellent insulating properties, it is possible to iso- 
late the metal wires electrically by means of the ceramic 
base member, and hence a multiple-layer wiring struc- 
ture can be formed inside the base member. 
[0015] Furthermore, the detector according to the 
present invention may also comprise a scintillator 
formed on the light incident side of the semiconductor 
chip. A scintillator generates fluorescence in response 
to the incidence of radiation, such as X rays, or the like. 
This fluorescence can be detected by the semiconduc- 
tor chip. 

[0016] Moreover, the connecting means may also be 
constituted by a multiple-layer wiring substrate, the out- 
put terminals of the semiconductor chip and one surface 
of the multiple-layer wiring substrate being connected 
by means of bumps, and the other surface of the multi- 
ple-layer wiring substrate and the input terminals of the 
circuit substrate being connected by means of bumps. 
In this case, since it is possible to form the semiconduc- 
tor chip, multiple-layer wiring substrate : and circuit sub- 
strate independently, manufacturing yield can be im- 
proved, in addition to which, the overall thickness of the 
device can be reduced by using a relatively thin multiple- 
layer wiring substrate. 

[0017] Furthermore, the connecting means may be 
constituted by thin film multiple-layer wiring formed on 
one surface of the semiconductor chip, the terminals 
facing to the circuit substrate and provided on the thin 
film multiple-layer wiring and the input terminals of the 
circuit substrate being connected by means of bumps. 
The thin film multiple-layer wiring has a very small thick- 
ness, the overall thickness can be reduced significantly. 



[0018] Moreover, the detector according to the 
present invention is a detector comprising a semicon- 
ductor chip on which a plurality of photodetector ele- 
ments are formed, a circuit substrate to which output sig- 

5 nal from the semiconductor chip are input, and a sup- 
porting substrate for supporting the semiconductor chip 
and the circuit substrate, wherein the dimensions of the 
supporting substrate in the directions perpendicular to 
the thickness direction thereof are equal to or less than 

10 the dimensions of the semiconductor chip in the direc- 
tions perpendicular to the thickness direction thereof. 
[0019] In other words, in this detector, since the di- 
mension of the supporting substrate is equal to or small- 
er than the dimension of the semiconductor chip, this 

15 dimension being along the perpendicular direction to the 
thickness of the supporting substrate, it is possible to 
arrange a plurality of semiconductor chips in an ex- 
tremely proximate or mutually contacting configuration. 
The circuit substrate is a substrate on which a signal 

20 reading circuit is formed. 

[0020] Moreover, if this supporting substrate consti- 
tutes a portion of a package for accommodating the cir- 
cuit substrate, then the circuit substrate is protected by 
the package. 

25 [0021] Furthermore, in this case, the dimensions of 
the circuit substrate in the directions perpendicular to 
the thickness direction thereof are less than the dimen- 
sions of the semiconductor chip in the directions per- 
pendicular to the thickness direction thereof. 

30 [0022] In other words, the detector according to the 
present invention comprises a semiconductor chip 
formed with a plurality of photodetector elements, and 
a circuit substrate to which all the output signals of the 
semiconductor chip are input, wherein the dimensions 

35 of the circuit substrate in the directions perpendicular to 
the thickness direction thereof are less than the dimen- 
sions of the semiconductor chip in the directions per- 
pendicular to the thickness direction thereof. Since the 
circuit substrate to which all the output signals from the 

40 semiconductor chip is small, it is possible to arrange the 
plurality of semiconductor chips in an extremely proxi- 
mate or mutually contacting configuration. 



Brief Description of the Drawings 

45 

[0023] 

Fig. 1 is a block diagram in side view showing the 
composition of a detector D relating to an embodi- 
50 ment of the invention; 

Fig. 2 is an illustrative diagram showing the plan 
view of a circuit substrate; 

Fig. 3 is a plan view of an imaging device comprising 
a plurality of detectors; 
55 Fig. 4 is a side view of an imaging device; 

Fig. 5 is a vertical sectional view of a detector D be- 
ing a preferred example of the detector D shown in 
Fig. 1; 
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Fig. 6 is a sectional view of a detector D in the vi- 
cinity of the PN junction: 

Fig. 7 is a vertical sectional view of a detector D be- 
ing a further preferred example of the detector D 
shown in Fig. 1 : 

Fig. 8 is a vertical sectional view of a detector D be- 
ing yet a further preferred example of the detector 
D shown in Fig. 1 : 

Fig. 9 is a diagram in side view showing the com- 
position of a detector D having a thin semiconductor 
chip: 

Fig. 1 0 is a diagram in side view showing the com- 
position of a detector D comprising a semiconductor 
chip having an undulating section on the light inci- 
dent side thereof; 

Fig. 11 is a diagram in side view showing the com- 
position of a detector D comprising a semiconductor 
chip having an undulating section on the circuit sub- 
strate side thereof; 

Fig. 12 is a diagram in side view showing the com- 
position of a detector D comprising a semiconductor 
chip having undulating sections on the light incident 
side and the circuit-substrate side thereof; and 
Fig. 13 is a vertical sectional view of a detector D 
being a preferred example of the detector D shown 
in Fig. 1 . 

Best Modes for Carrying Out the Invention 

[0024] Below, a detector relating to the present em- 
bodiment is described. The same reference numerals 
are used for the same elements and duplicated descrip- 
tions are omitted here. 

[0025] Fig. 1 is a block diagram in side view showing 
the composition of a detector D relating to this embodi- 
ment, and Fig. 2 is an illustrative diagram showing the 
plan view of the circuit substrate. The detector D com- 
prises a semiconductor chip S, circuit substrate C, and 
connecting means CM for connecting same. A plurality 
of photodetector elements (photodiodes) PD are formed 
in a one-dimensional or two-dimensional configuration 
on the semiconductor chip S, and a plurality of output 
terminals T of the photodetector elements PD are dis- 
posed on the surface thereof. These output terminals T 
directly oppose the circuit substrate C, but the structure 
varies depending on the type of photodetector element. 
[0026] If the semiconductor chip S is a back-side illu- 
minated photodiode, since the output terminalsT are es- 
sentially located on the circuit substrate C side of the 
semiconductor chip S, they should be connected direct- 
ly to the circuit substrate C. If the semiconductor chip S 
is a front-side illuminated, then the output terminals T 
are essentially located on the opposite side of the sem- 
iconductor chip S to the circuit substrate C, and there- 
fore through holes or the like must be formed through 
the semiconductor chip S to extend the output terminals 
T to the back surface side and connect same to the cir- 
cuit substrate C. 



[0027] The circuit substrate C comprises a plurality of 
input terminals I to which signals from the output termi- 
nals T of the semiconductor chip S are input. 
[0028] The connecting means CM electrically con- 
5 nects the respective output terminals T to the respective 
input terminals I. 

[0029] Here ; the interval between the input terminals 
I is set to a narrower dimension than the interval be- 
tween the output terminals T. Consequently, the circuit 

10 substrate C can be provided with a signal reading circuit 
A for reading out the signals from the input terminal I. in 
the region outside the region R, of the input terminals I. 
[0030] In this detector, since the region R, of the circuit 
substrate C where the input terminal I is formed is small- 
er than the region of the semiconductor chip S where 
the output terminal T is formed : it is possible to form a 
signal reading circuit A in the region outside the input 
terminal forming region R, in the circuit substrate C, then 
the dimensions of the circuit substrate C can be reduced 

20 below those of the semiconductor chip S, and conse- 
quently, if a plurality of photodetectors D are arrayed to- 
gether, respective semiconductor chips S can be ar- 
ranged in a mutually proximate or contacting configura- 
tion. 

25 [0031] Therefore, the dead area become small be- 
cause the gap between pixel groups are extremely 
small, where the pixel groups are one of the pixel group 
being positioned at outermost periphery of one semi- 
conductor chip and the other pixel group being posi- 

30 tioned at outermost periphery of the other semiconduc- 
tor chip. So, it is possible to pickup large images. 
[0032] The connecting means CM also provides a 
connection from the electrical signal output of the circuit 
substrate C to an external lead L or a connection from 

35 an external lead L l to an electrical signal input of the cir- 
cuit substrate C. In this case, it is not necessary to use 
an additional electric wire, apart from the connecting 
means CM, and therefore the circuit composition can be 
simplified. 

40 [0033] A portion of the power supply voltage applied 
to the circuit substrate C via the external lead L' is trans- 
mitted via the connecting means CM to the semiconduc- 
tor chip S, and is used to drive the photodetector ele- 
ments PD, while the other portion thereof is used to drive 

^5 the signal reading circuit A. On the other hand, the out- 
put signals from the respective photodetector elements 
PD are input via the output terminals T, and input termi- 
nals I to the signal reading circuit A and processed by 
the signal reading circuit A, and led out of the device by 

so the external lead L. The signal reading circuit A accord- 
ing to this example is a single or multiplex circuit con- 
sisting of a scanning circuit such as shift resistors . 
switches, or the like, and a charge amplifier or integrat- 
ing circuit, or the like. Furthermore, according to require- 

55 ments, a correlated double sampling (CDS) circuit, or A/ 
D converter, may be provided. The signal reading can 
be either serial or parallel. 

[0034] According to requirements, the detector D ac- 
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cording to this example may comprise a scintillator pro- 
vided on the surface of the semiconductor chip S, and 
in this case, it is possible to apply the detector in an X- 
ray imaging apparatus, such as an X-ray CT device. An 
X-ray CT device captures an image of the X rays from 
an X ray source which are transmitted by a body under 
observation, and uses a plurality of detectors D in an 
aligned configuration. 

[0035] Fig. 3 is a plan view of an imaging device when 
viewed from the light illuminated surface, the imaging 
device consisting of a plurality of detectors, and Fig. 4 
is a side view of an imaging device. Square shaped sem- 
iconductor chips S are arranged in mutually proximate 
configuration without any intervals therebetween, on the 
front surface. In this example, an imaging device com- 
prising a 4 row by 5 column group of detectors is illus- 
trated. Here, the detectors D forming the imaging device 
are aligned in parallel with one axial direction, in such a 
manner thai they are spaced at equal distances from 
the X ray source. This does not exclude the possibility 
of disposing detectors D in alignment with two orthogo- 
nal axes, in such a mannerthat they are spaced at equal 
distances from the X ray source. Moreover, the detec- 
tors D may also be disposed in such a manner that the 
imaging surface of the imaging element is flat. 
[0036] Fig. 5 is a cross-sectional view of a detector D 
showing a preferred example of the detector D illustrat- 
ed in Fig. 1 . The semiconductor chip S comprises an 
array of photodetector elements having a front side illu- 
minated surface (photodiode array), and each photode- 
tector element has a PN junction. 
[0037] The P type semiconductor (P) creating the an- 
ode forming one part of the PN junctions is disposed on 
the front side of the semiconductor chip, and is connect- 
ed to an output terminal T provided on the back surface, 
by means of a metal wire ML buried in a through hole 
which passes through the thickness of the semiconduc- 
tor chip. The material of metal wire ML is not limited to 
a metal. The material of the metal wire ML can be made 
of an impurity-doped low resistance semiconductor. 
This P type semiconductor (P) has a high concentration 
of P type impurity. Moreover, the photodetector element 
PD disposed on the right-hand end of the diagram is 
connected to the output terminal of the back surface of 
the chip via a metal wire ML passing in the thickness 
direction of the paper in the diagram, similarly to the oth- 
er photodetector elements PD, but it is not represented 
in the drawing. 

[0038] Moreover, it may diffuse the high concentration 
N-type impurities (isolation area) into the regions be- 
tween the respective detection elements PD of the sem- 
iconductor chip S in order to isolate the pixels, the iso- 
lation area being not illustrated in the figure. 
[0039] Though a cathode electrode isn't illustrated in 
the figure, such a cathode electrode can be formed by 
forming the isolation area or an N-type high concentra- 
tion impurities area in the suitable position of the sur- 
face. It is possible to provide this cathode electrode on 



the circuit substrate side of the chip via a through hole 
as the anode electrode is provided. Or, it is possible that 
a cathode electrode is made by forming a structure 
made by diffusing N-type high concentration impurities 
5 into a suitable place of the semiconductor chip S, the 
place being facing to the circuit substrate. In this case, 
the cathode electrode can be derived from the circuit 
substrate side of the chip. At any rate, the cathode elec- 
trode is connected to the connection means CM through 

*0 the bump, too. 

[0040] In this example, the connecting means CM 
constitutes a supporting substrate of the semiconductor 
chip S and serves to increase the mechanical strength 
of the detector D. This supporting substrate CM com- 

15 prises a depression DP-which accommodates the circuit 
substrate C, and the circuit substrate C is protected by 
means of the supporting substrate CM in the package. 
In the supporting substrate CM, metal wires ML2 are 
buried inside a ceramic substrate CR, and metal wires 

20 ML2 are connected to the output terminals T and the ' 
terminal bumped with the input terminals I. Ceramic has 
excellent insulating properties, and hence the metal" 
wires ML2 are isolated from each other by the ceramic 
substrate CR and a multi-layer wiring structure is formed 

25 inside the substrate. 

[0041] The output terminals T of the semiconductor 
chip S and one surface of the supporting substrate CM 
are connected via bumps B1 , while the other surface of 
the supporting substrate CM and the input terminals I of 

30 the circuit substrate C are connected via bumps B2. 
[0042] Furthermore, metal wires ML3 buried inside 
the supporting substrate CM are connected via bumps 
B3 to the external leads L, L' and the circuit substrate 
C. The outside lead L, L' can be the products which con- 

35 sist of the wiring films (a flexible circuit substrate), TAB 
tapes or the like, the base material of the wiring film be- 
ing made of a metal pin, a metal ball or an organic film 
such as polyimide. When the above wiring film is used, 
an electrical connector can be provided on an opposite 

40 side of the wiring film from the connecting means CM. 
[0043] This detector D comprises a semiconductor 
chip S on which a plurality of photodetector elements 
PD are formed, a circuit substrate C to which the output 
signal from the semiconductor chip S is input, and a sup- 

^5 porting substrate CM (hereinafter, SB) which supports 
the semiconductor chip S and the circuit substrate C, 
the dimensions of the supporting substrate in the direc- 
tions (X, Y directions) perpendicular to the thickness di- 
rection (Z direction) thereof being equal to or less than 

50 the dimensions of the semiconductor chip in the direc- 
tions (X, Y directions) perpendicular to the thickness di- 
rection (Z direction) thereof. This means that the sup- 
porting substrate is of smaller dimensions in both X and 
Y directions. 

55 [0044] In this detector, since the dimension of the sup- 
porting substrate CM is equal to or smaller than the di- 
mension of the semiconductor chip S, it is possible to 
align a plurality of semiconductor chips S in a very prox- 
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imate configuration or a contacting configuration. The 
circuit substrate C is a substrate on which a circuit is 
formed. Since the supporting substrate CM constitutes 
a portion of the package accommodating the circuit sub- 
strate C. the circuit substrate C is protected by the pack- 
age, but in this case, the dimensions of the circuit sub- 
strate C in the directions (X. Y directions) perpendicular 
to the thickness direction (Z direction) thereof are less 
than the dimensions of the semiconductor chip S in the 
directions (X : Y directions) perpendicular to the thick- 
ness direction (Z direction) thereof. The circuit substrate 
C is smaller in both the X direction and the Y direction. 
[0045] I n other words, this detector comprises a sem- 
iconductor chip S on which a plurality of photodetector 
elements PD are formed : and a circuit substrate C to 
which all the output signals of the semiconductor chip S 
are input, the dimensions of the circuit substrate C in the 
directions orthogonal to the thickness direction being 
less than the dimensions of the semiconductor chip in 
the directions orthogonal to the thickness direction. 
Since the circuit substrate C to which all of the output 
signals of the semiconductor chip S are input is small, 
it is possible to align a plurality of semiconductor chips 
S in a very proximate or mutually contacting configura- 
tion. 

[0046] Moreover, a composition is adopted wherein 
an insulating film IF is formed on the side wall of the 
through hole and the front surface and back surface of 
the semiconductor chip S, and the metal wires ML are 
not connected electrically to any elements other than the 
P type semiconductors (P). Note that the insulating film 
IF consists of a single film or a film stack. A scintillator 
SC is provided on the surface of the semiconductor chip 
S } via an adhesive AD. The scintillator SC is coupled 
optically to the light receiving surface of the semicon- 
ductorchip S. When radiation, such as X rays, is incident 
on the scintillator SC, fluorescence is generated. This 
fluorescence can be detected by the plurality of photo- 
detector elements PD provided on the semiconductor 
chip S. This fluorescence is similar to an X ray image, 
and therefore X ray images can be captured by means 
of this imaging device. The material of the scintillator SC 
in the present example is CWO : CdW0 4 (cadmium 
tungstate) or Gd 2 0 2 S, but other materials may also be 
used. 

[0047] An activator element (Eu) may be added to the 
Gd 2 0 2 S. By adjusting the concentration of the activator 
element (Eu) added to the crystals (Gd 2 Q 2 S) to an op- 
timum value, it is possible to generate fluorescence in 
the three primary colors, red, green and blue, in re- 
sponse to the X rays, and hence the dynamic range can 
be varied. The scintillator is applicable to the semicon- 
ductor chip such as CCD image pickup device using 
photodetector elements as the constituent pixels. Tb, or 
the like, may also be used as the additive. The scintilla- 
tor SC may cover a plurality of photodetector elements 
PD and may also cover a plurality of semiconductor 
chips S. 



[0048] Here, a short description of the function of the 
photodetector element PD forming the photodiode is 
given below. 

[0049] Fig. 6 is a sectional view of a photodetector el- 

5 ement D in the vicinity of the PN junction. When X rays 
are incident on the scintillator SC, fluorescence is gen- 
erated by the scintillator SC, and when this fluorescence 
is incident on the PN junction, carriers are generated 
inside the semiconductor depletion layer and one of the 

10 carriers is extracted out of the device via the metal wires 
ML. The metal wires ML comprise a surface electrode 
section ML(A) which contacts with the P type semicon- 
ductor (P) and a through electrode section ML(B) which 
passes through the inside of a through hole. 

75 [0050] The surface electrode section ML(A) is made 
from Al, and the through electrode section ML(B) is 
made from polycrystalline Si. After forming through 
holes in the semiconductor chip S made from Si : it is 
possible to form a thermal oxide film (Si0 2 ) on the ex- 

20 posed face of the semiconductor chip S and the through 
hole. The formed oxide film can be processed using a 
suitable photolithography technique, and it is possible 
to form insulating film by a CVD (chemical vapour dep- 
osition) or sputtering method, as required. 

25 [0051 ] Fig. 1 3 is a vertical sectional view of a detector 
D being a preferred example of the detector D shown in 
Fig. 1. This photodetector D is only partially different 
from that illustrated in Fig 5. That is ; this detector D do 
not have the depression DP in the connecting means 

30 CM. According to the present embodiment, the connect- 
ing means CM can be made at low price because it does 
not need to form the depression DP. Further, the con- 
nection defects of the bumps B2, B3 are decreased. 
[0052] In this embodiment, an example that the film 

35 wiring (flexible wiring substrate) is used as the external 
lead L, L', is shown. The film wiring is made by forming 
electrical wiring on or inside an organic film such as poly- 
imide, the film wiring has exposed wiring electrodes at 
the connecting means CM side, and is connected to the 

40 terminal of the metal wiring ML3 of the connecting 
means CM by the conductive member C\ The conduc- 
tive member C is made of solder, a material used as 
bump, anisotropic conductive film(ACF), anisotropic 
conductive paste (ACP), NCP (nonconductive paste) , 

45 or the like. These materials can be combined when 
used. The other side of the film wiring as the external 
lead L, L* has an electric connector CC for connecting 
the wiring to an external device. When using the film wir- 
ing as the external lead L, L\ the flexibility of the con- 

50 nection with the external device is increased. Besides 
the above materials, the external lead L, L' can be made 
of soldered metal pins or metal balls, TAB tape, or the 
like. 

[0053] Fig. 7 is a vertical sectional view of a detector 
55 d forming a further preferred example of a detector D 
as illustrated in Fig. 1 . This photodetector D is only par- 
tially different from that illustrated in Fig. 5. 
[0054] More specifically, the connecting means CM is 
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made from a multi-layer wiring substrate, and the output 
terminals T of the semiconductor chip S and the termi- 
nals on one surface of the multi-layer wiring substrate 
CM are connected by means of bumps B1, while the 
terminals on the other surface of the multi-layer wiring 5 
substrate CM and the input terminals I of the circuit sub- 
strate C are connected via bumps B2. 
[0055] Moreover, the circuit substrate C is accommo- 
dated inside a supporting substrate SB having a depres- 
sion, and the supporting substrate SB forms a package, 
bumps B4 provided on the end face of the opening in 
the substrate being connected via bumps B3 and the 
multi-layer substrate CM to the circuit substrate C, and 
the output of the circuit substrate C being read out suc- 
cessively via the bumps B4, and metal wires ML3 
formed inside the supporting substrate SB which is 
made from ceramic base member, to the external leads 
L. Furthermore, input from external leads L' is transmit- 
ted via the metal wires ML3, bumps B4, multi-layer sub- 
strate CM and bumps B4 to the circuit substrate C. 
[0056] The remaining composition thereof is the same 
as that illustrated in Fig. 5. 

[0057] In the case of the structure in this example, 
since the semiconductor chip S, multi-layer substrate 
CM and circuit substrate C can be formed independent- 
ly, it is possible to increase the production yield, and fur- 
thermore, a merit is obtained is that the overall thickness 
can be reduced by using a thin multi-layer substrate CM, 
compared to a ceramic base member. 
[0058] Here, the circuit substrate C and the support- 
ing substrate SB are mutually contacting. In this case, 
since the heat generated in the circuit substrate C is 
transmitted directly to the supporting substrate SB, it is 
possible to increase the cooling efficiency of the circuit 
substrate C, provided that a heat radiating material (a 
metal or copper alloy (CuBe, CuW) heat sink) is used 
for the supporting substrate SB, therefore, faulty oper- 
ation of the circuit and noise can be suppressed. 
[0059] Moreover, if the circuit substrate C and the sup- 
porting substrate SB are contacting each other, then in 
fabricating the element, after the circuit substrate C has 
been installed on the supporting substrate SB, it is pos- 
sible to install the connecting means CM on the circuit 
substrate C by means of the bumps B2, B3, B4, and it 
is also possible to install the semiconductor chip S on 
the connecting means CM by means of the bumps B1 . 
In other words, there are two installation tasks involving 
bumps. 

[0060] Moreover it is also possible to separate the cir- 
cuit substrate C from the supporting substrate SB. In this 
case, one face of the connecting means CM is installed 
on the circuit substrate C via bumps B2, B3, whereupon 
the semiconductor chip S is installed on the other face 
of the connecting means CM via bumps B1 . Thereupon, 
one side of the connecting means CM is installed on the 
supporting substrate SB via bumps B4. In this case, 
since the circuit substrate C is in a free floating state, it 
is not necessary to adjust the height of the depression 



of the supporting substrate SB and the circuit substrate 
C. 

[0061] Fig. 8 is a vertical sectional view of a detector 
D which is a further preferred example of a detector D 
illustrated in Fig. 1 . This detector D is only partially dif- 
ferent from that illustrated in Fig. 7. In other words, the 
connecting means CM consists of a thin-film multi-layer 
wire formed on the back surface of a semiconductorchip 
S, and the terminals on the thin-film multi-layer wire CM 
and input terminals I of the circuit substrate C are con- 
nected by means of bumps B2. 

[0062] The remaining composition is the same as that 
shown in Fig. 7. 

[0063] Since the thin-film multi-layer wire has an ex- 
tremely small thickness (2 mm, or less), it is possible 
dramatically to reduce the overall thickness. The output 
terminals T of the semiconductor chip S in this example 
are disposed at the boundary between the thin-film mul- 
ti-layer wire CM and the semiconductor chip S, and as 
described above, the interval between the input termi- 
nals I is set to a narrower dimension than the interval 
between the output terminals T. 

[0064] In the present example, the circuit substrate C 
and the supporting substrate SB are mutually contact- 
ing. In this case, since the heat generated by the circuit 
substrate C is transmitted directly to the supporting sub- 
strate SB, it is possible to increase the cooling efficiency 
of the circuit substrate C, provided that a heat radiating 
material (a metal or copper alloy (CuBe, CuW) heat sink) 
is used for the supporting substrate SB, therefore, faulty 
operation of the circuit and noise can be suppressed. 
[0065] Furthermore, if the circuit substrate C and sup- 
porting substrate SB are caused to be mutually in con- 
tact, then during fabrication of the element, after install- 
ing the circuit substrate C on the supporting substrate 
SB, it is possible to connect the semiconductor chip S 
electrically to the circuit substrate C, simply by installing 
the connecting means CM on the circuit substrate C via 
the bumps B2, B3, B4. In other words, there is one in- 
stallation operation involving bumps. 
[0066] Furthermore, it is also possible to separate the 
circuit substrate C and the supporting substrate SB. In 
this case, one surface of the connecting means CM is 
installed on the circuit substrate C via the bumps B2, 
B3, whereupon the one surface of the connecting 
means CM is installed on the supporting substrate SB 
by means of bumps B4. In this case, since the circuit 
substrate C is in a free floating state, it is not necessary 
to adjust the height of the depression of the supporting 
substrate SB and the circuit substrate C. 
[0067] As described above, according to the afore- 
mentioned respective detectors D, it is possible to form 
an signal processing circuit A on the region to the out- 
side of the region R, where the input terminals are 
formed on the circuit substrate C, and hence the dimen- 
sions of the circuit substrate C can be made smallerthan 
those of the semiconductor chip S, which means that 
when a plurality of detectors D are aligned, the respec- 



ts 



20 



25 



30 



35 



40 



45 



50 



7 



BNSDOCID: <EP 1492168A1_l_> 



13 



EP 1 492 168 A1 



14 



live semiconductor chips can be disposed in mutually 
proximate configuration or mutually contacting configu- 
ration. Therefore, the dead area becomes small be- 
cause the gap between pixel groups are extremely 
small., one of the pixel groups being positioned at outer- 
most periphery of one semiconductor chip S and the oth- 
er of the pixel groups being positioned at outermost pe- 
riphery of the other semiconductor chip S. So : it is pos- 
sible to pickup large images. 

[0068] The aforementioned connecting means CM 
may also use ; in addition to the ceramic base material, 
a glass, organic material as polyimide or epoxy, or a 
compound material of these. Moreover desirably, the 
bumps B2, B3 or B4 have a different melting point to the 
bumps B1 connecting to the semiconductor chip S. For 
the material of the bumps, it is possible to use Au that 
can be made of a wire : IMi that can be plated, a stack of 
Ni and Au. solder or a resin including conductive filler. 
The melting poinL of solder can be controlled by adjust- 
ing the kind of metal materials and their composition. 
For example, PbSn solder system. AgSn solder system 
or AuSn solder system is typical, and the melting points 
of these materials can be adjusted by varying their com- 
position or by adding Cu, Ag, Bi or In. Therefore, the 
solder material which is suitable for mounting can be 
chosen, and the solder material may be a eutectic alloy 
but is not be limited to the eutectic alloy. Moreover, de- 
sirably, the melting points of the bumps B1 , bumps B2, 
bumps B3 : and bumps B4 should be successively lower, 
in that order and in this case, assembly is facilitated, 
since assembly can be performed in order from the high- 
er melting point. 

[0069] The typical mounting method with using bump 
is a thermo compression bonding or a flip-chip bonding 
using supersonic waves. 

[0070] In the present embodiment, the bumps are di- 
rectly attached to the semiconductor chip S, connecting 
means, and/or the circuit substrate. However, the con- 
necting method is not limited to this method, and it is 
also possible to use a set of bumps and an anisotropic 
conductive film ACF, bumps and an anisotropic conduc- 
tive paste ACP, bumps and nonconductive paste NCP, 
or the like. When using these methods, it is not neces- 
sary to use an underfill resin (not shown) filling operation 
(for increasing the mounting strength) after the bump 
connection. 

[0071] Moreover, the photodetector element de- 
scribed above is not limited to being a front side illumi- 
nated type element, and it is also possible to use a back- 
side illuminated type element (photodiode array) formed 
into a thin sheet, having a PN junction on the connecting 
means side (back surface side) of the semiconductor 
substrate. 

[0072] Fig. 9 shows the composition in side view of a 
detector D having a thin type semiconductor chip S. 
[0073] This semiconductor chip S comprises output 
terminals T which respectively extract the outputs of a 
plurality of photodetector elements, these output termi- 



nals T being connected to the input terminals I of a circuit 
substrate C. by means of any of the connecting means 
CM described above. 

[0074] In the detector D described in the following ex- 
5 ample, the composition other than the semiconductor 
chip S is the same as that in the aforementioned em- 
bodiments, and therefore only the composition of the 
semiconductor chip S is described below. In the detector 
D described in the following example, it is possible to 
10 dispose a scintillator on the plane of light incidence of 
the semiconductor chip S. 

[0075] The semiconductor chip S according to this ex- 
ample comprises a high concentration impurity layer 1 n' 
forming an accumulation layer, provided on the surface 

is of a thin n-type semiconductor substrate In made from 
Si, on the light incident side thereof, and a plurality of p- 
type semiconductor regions 1p (boron-doped regions) 
are provided on the connecting means CM side. A pn 
junction (pholodeLector element : photodiode) is formed 

20 between the n-type semiconductor substrate 1n and 
each p-type semiconductor substrate 1p. The photode- 
tector element formed by each pn junction generates 
electron/hole pairs (carriers) in response to the light in- 
cident on the back surface of the semiconductor chip S. 

25 a reverse bias can be applied to this pn junction of the 
photodetector element, if necessary. When applying the 
bias to the element, the depth of the depletion layer in- 
creases, and the detection sensitivity and the response 
speed to the light input can be increased. 

30 [0076] The n-type separating regions 1 n" are formed 
in the front surface region of the semiconductor sub- 
strate 1n and the wiring electrodes 1EV for cathode 
electrodes form an ohmic contact with the n-type sepa- 
rating region 1 n", the wiring electrodes 1 EV being con- 

35 nected to the cathode electrodes 1 E1 , respectively. The 
wiring electrodes 1E2' for anode electrodes form an 
ohmic contact with the p-type semiconductor region 1 p, 
the wiring electrodes 1 E2' being connected to the anode 
electrodes 1 E2 f respectively The bump electrodes B 

40 are formed on the cathode electrodes 1 E1 and the an- 
ode electrodes 1 E2, and the aforementioned reverse bi- 
as is applied between the electrodes 1 E1 and the elec- 
trodes 1 E2 via the bump electrodes B. 
[0077] Each pn junction functions as a pixel, and the 

45 n-type separating regions 1 n" are formed in the region 
between the pixels for electrically isolating the pixels. 
One of the carriers generated in each pn junction (pixel) 
is input to each input terminal I of the circuit substrate 
C via the connecting means CM. The electrodes 1 E2 of 

50 the semiconductor chip S are bonded to the connecting 
means CM via the bump electrodes B. 
[0078] Note that an insulating film 1 11 is formed on the 
back surface of the semiconductor substrate 1 n, the film 
1 11 functioning as a protection film and an antireflection 

55 (AR) film. This insulating film 1 11 consists of a thermal 
oxide film (Si0 2 ), or a single layer or a film stack of SiN 
and/or SiON. An insulating film 112' is formed on the sur- 
face of the substrate 1 n for protecting the surface where 



8 



BNSDOCID: <EP 1492168A1 J_> 



15 



EP 1 492 168 A1 



16 



the dopants of the regions 1 n" and 1p are diffused. An 
insulating film 1 12 is formed on the front side wiring elec- 
trode, the film 1 12 having openings only where the cath- 
ode electrodes 1 E1 and the anode electrodes 1E2 are 
formed. This insulating film also consists of a thermal 
oxide film (Si0 2 ), or a single layer or a film stack of SiN, 
SiON or polyimide. 

[0079] Moreover, the relative resistance of the semi- 
conductor substrate 1n is approximately 50ftcm to 
10kOcm. The depth of the high concentration impurity 
layer 1 n' on the back side is 0.1 uxn to several (im and 
has a carrier density of at least 1 x 1 0 17 cm* 3 or above, 
formed by thermal diffusion or ion implantation of phos- 
phorous or arsenic. 

[0080] After forming the regions 1 p and In" in the front 
surface region of the semiconductor substrate In, the 
back side of the substrate is thinned by polishing or etch- 
ing. After that, an accumulation layer is formed at the 
back side of the semiconductor substrate to obtain the 
semiconductor chip S with thickness of for example ap- 
proximately 10 to 250 jam. The preferable thickness of 
the semiconductor chip is approximately 50 to 1 00 p.m. 
Since the semiconductor substrate of this semiconduc- 
tor chip S is thin, that is, the distance between the light 
illuminated back side surface and the pn junction is 
small, the carrier traveling distance becomes short, the 
carrier being generated in response to the light inci- 
dence. Therefore, the present device can obtain a high 
sensitivity, a high speed response and a low crosstalk 
between the pixels. 

[0081] Note that the pixel (p-type semiconductor re- 
gion 1 p) positioned at left side of the figure is connected 
to the anode electrode 1 E2(T) via the wiring for the an- 
ode electrode as the other pixels (p-type semiconductor 
region 1p) are connected, the wiring extending perpen- 
dicular to this paper, but not depicted in the figure. 
[0082] Fig. 10 shows the composition in side view of 
a detector provided with a semiconductor chip S having 
undulating sections on the side where the light is inci- 
dent thereon. 

[0083] In the detector D described in this example, the 
composition other than the semiconductor chip S is the 
same as that of the foregoing embodiments, and below, 
on the composition of the semiconductor is described. 
In the detector D described in the following example, a 
scintillator can be disposed on the light incident surface 
of the semiconductor chip S. 

[0084] The points of differences between this semi- 
conductor chip S and the semiconductor chip S illustrat- 
ed in Fig. 9 are that (1) the maximum thickness of the 
semiconductor substrate In is approximately 1 50 to 600 
u,m, and the substrate has a small thickness at the pho- 
todetector element formed by pn junctions (photodiode); 
(2) an n-type high-density impurity region 1 N is provided 
in the thicker regions of the back surface of the sub- 
strate; and (3) anode electrodes 1 E2 (output terminals : 
T) are disposed on the separated regions 1 n" of each 
photodiode via the insulating film 1 12\ Note that the ar- 



rangement of the electrodes 1 E2 are not limited to on 
the region 1n n . 

[0085] The thickness of the thin portions TN of the 
semiconductor substrate 1n is about 50 u,m - 300 jxm, 
5 and the thickness of the thick portions TK thereof is 
about 150 - 600 um. The thin portions TN are set to a 
smaller thickness than the thick portions TK. The plural- 
ity of thin portions TN, together with the plurality of thick 
portions TK, constitute an undulating section, and the 
thick portions TK are formed in a lattice configuration. 
[0086] Moreover, the density of the impurity in the high 
concentration impurity region 1 N is 1 x 1 0 15 to 1 x 1 0 20 
cm' 3 , and the depth is about 2 u,m to 200 ujti. The high 
concentration impurity layer 1n' which functions as an 
accumulation layer is formed over the whole of the back 
surface of the substrate, and the thickness thereof is 0.1 
to several u,m. An insulating film 111 is formed on the 
back surface of the substrate, and insulating layer 1 12* 
is formed on the front surface of the substrate. The wir- 
ing electrodes IE1' for the cathode electrodes and the 
wiring electrodes 1E2' for the anode electrodes are 
formed on the insulating film 112'. Each of the wiring 
electrodes IE1\ IE2 1 passes through a contact hole 
formed in the insulating layer 1 12' and makes electrical 
contact with n-type and p-type semiconductor impurity 
regions 1n", 1p, respectively. 

[0087] The anode electrode 1 E2 (output terminal: T) 
is disposed on the separating region 1 n" of each photo- 
diode, via an insulating layer 1 12'. The anode electrode 
1 E2 and the separating region 1 n" are set so as to cor- 
respond to a thick portion TK. The anode electrode 1 E2 
is pressed against the connecting means CM via a bump 
electrode B, but since the anode electrode 1 E2 is dis- 
posed on a thick portion TK, it is possible to prevent 
breaking of the substrate caused by the pressing action. 
[0088] An insulating film 112 is formed on the wiring 
electrodes 1E1' 1 E2\ and these electrodes 1EV 1 E2' 
are connected to the electrodes 1E2 and 1E2 through 
contact holes provided on an insulating film 1 12\ respec- 
tively. 

[0089] In this semiconductor chip S, since the semi- 
conductor substrate 1n is thin in the thin portions TN, 
that is, the distance between the back illuminated sur- 
face and pn junction is small, the traveling distance of 
the carrier generated in response to light incidence be- 
comes short. Therefore, the present device can obtain 
a high sensitivity, a high speed response and a low 
crosstalk between the pixels. Further, since the high 
concentration semiconductor regions 1N are formed in 
the thick portions TK, it is possible to reduce cross-talk 
between the pixels. The thin portions TN form a lattice 
shaped mask on the back surface of the substrate . and 
can be formed by etching the substrate using the mask. 
[0090] Fig. 11 shows the side composition of the de- 
tector D having a semiconductor chip S with undulating 
section on the circuit substrate side. 
[0091 ] In the detector D described in this example, the 
composition other than the semiconductor chip S is the 
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same as that in the foregoing embodiment, and hence 
only the composition of the semiconductor chip S is de- 
scribed below. In the detector described in the following 
example, a scintillator can be disposed on the light inci- 
dent surface of the semiconductor chip S. 
[0092] The points of difference between this semicon- 
ductor chip S and the semiconductor chip S shown in 
Fig. 10 are the fact that the plane of light incidence of 
the substrate is flat and the undulations are formed on 
the front surface on the connecting means CM side. In 
other words, p-type semiconductor regions 1p are dis- 
posed in the base region of the thin portions TN and sep- 
arating regions 1 n" are formed in the thick regions TK. 
[0093] The thin portions TN of the present example 
can be formed by creating a lattice shaped mask on the 
substrate surface (connecting means CM side) and then 
performing etching using this mask. In this semiconduc- 
tor chip S. since photodiodes are formed in the thin por- 
tions, the traveling distance of the carrier generated in 
response to light incidence becomes short, thereby the 
present device can obtain a high sensitivity, a high 
speed response and a low crosstalk between the pixels. 
[0094] Fig. 12 shows the composition in side view of 
the detector D provided with a semiconductor chip S 
having undulating sections on the light incident side and 
the circuit substrate side. 

[0095] In the detector D described in this example, the 
composition other than the semiconductor chip S is the 
same as that in the aforementioned embodiments, and 
hence only the composition of the semiconductor chip 
S is described below. Moreover, in the detector D de- 
scribed in the following example, a scintillator can be 
disposed on the plane of light incidence of the semicon- 
ductor chip S. 

[0096] The points of difference between this semicon- 
ductor chip S and the semiconductor chip S illustrated 
in Fig. 1 1 are that the plane of light incidence face of the 
substrate has a undulations, as illustrated in Fig. 1 0, and 
high concentration impurity regions 1 N for preventing 
cross-talk are formed in the thick regions TK. The thin 
portions TN according to this example are formed by 
creating a lattice-shaped mask on either face of the sub- 
strate and then using this mask to perform etching of the 
substrate. 

[0097] The centers of the apertures of the both masks 
are aligned with a line extending in the thickness direc- 
tion of the substrate. The depressions formed by etching 
are narrower at the base. Consequently, when the sub- 
strate is etched on either side thereof, a merit is obtained 
in that the surface area of the base portion of the de- 
pression can be increased, compared to a case where 
etching is performed on one side only. In this semicon- 
ductor chip S, since photodiodes are formed in the thin 
portions, the traveling distance of the carrier generated 
in response to light incidence becomes short, thereby 
the present device can obtain a high sensitivity, a high 
speed response and a low crosstalk between the pixels. 



Industrial Applicability 

[0098] The present invention is applicable to a detec- 
tor for use in an X-ray imaging device, or the like. 

5 

Claims 

1. A detector comprising: 

10 

a semiconductor chip formed with a plurality of 
phptodetector elements and provided with a 
plurality of output terminals of said photodetec- 
tor elements on the surface thereof; 

15 a circuit substrate provided with a plurality of 

input terminals to which signals from said out- 
put terminals are input; and 
connecting means for connecting said respec- 
tive output terminals to said respective input 

20 terminals, 

wherein the interval between said input termi- 
nals is set to a smaller dimension than the interval 
between said output terminals, and 
25 wherein said circuit substrate comprises a 

signal reading circuit for reading out signals from 
said input terminals, provided in a region outside the 
region in which said input terminals are formed. 

30 2. The detector according to claim 1, wherein said 
connecting means also provides aconnection of the 
outputs of said circuit substrate to external leads, 
and a connection from external leads to the inputs 
of said circuit substrate. 

35 

3. The detector according to claim 1, wherein said 
connecting means constitutes a supporting sub- 
strate for said semiconductor chip. 

40 4. The detector according to claim 3, wherein said 
supporting substrate has a depression for accom- 
modating said circuit substrate. 

5. The detector according to claim 3, wherein said 
45 connecting means is formed by burying metal wiring 
inside a ceramic base member, said metal wiring 
being connected to said output terminals and said 
input terminals. 

50 6. The detector according to claim 1 , further compris- 
ing a scintillator formed on the light incident side of 
said semiconductor chip. 

7. The detector according to claim 1, wherein said 
55 connecting means is constituted by a multiple-layer 
wiring substrate, said output terminals of said sem- 
iconductor chip and one surface of said multiple- 
layer wiring substrate being connected by means of 
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bumps, and the other surface of said multiple-layer 
wiring substrate and said input terminals of said cir- 
cuit substrate being connected by means of bumps. 

8. The detector according to claim 1, wherein said s 
connecting means is constituted by thin film multi- 
ple-layer wiring formed on one surface of said sem- 
iconductor chip, said thin film multiple-layer wiring 
and said input terminals of said circuit substrate be- 
ing connected by means of bumps. w 

9. A detector comprising: 

a semiconductor chip on which a plurality of 
photodetector elements are formed; 15 
a circuit substrate to which output signal from 
said semiconductor chip are input; and 
a supporting substrate for supporting said sem- 
iconductor chip and said circuit substrate, 

20 

wherein the dimensions of said supporting 
substrate in the direction perpendicular to the thick- 
ness direction thereof are equal to or less than the 
dimensions of said semiconductor chip in the direc- 
tion perpendicularto the thickness direction thereof. 25 

10. The detector according to claim 9, wherein said 
supporting substrate constitutes a portion of a pack- 
age for accommodating said circuit substrate. 

30 

11. The detector according to claim 10, wherein the di- 
mensions of said circuit substrate in the direction 
perpendicular to the thickness direction thereof are 
less than the dimensions of said semiconductor 
chip in the direction perpendicular to the thickness 35 
direction thereof. 

12. A detector comprising: 

a semiconductor chip formed with a plurality of *o 
photodetector elements; and 
a circuit substrate to which all the output signals 
of said semiconductor chip are input, 

wherein the dimensions of said circuit sub- *5 
strate in the direction perpendicularto the thickness 
direction thereof are less than the dimensions of 
said semiconductor chip in the direction perpendic- 
ular to the thickness direction thereof. 
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